The taxonomic position of an actinomycete strain isolated from Korean soil was examined by a polyphasic approach. The isolate, designated IMSNU-1, was clearly assigned to the genus Streptomyces on the basis of morphological and chemotaxonomic data. The test strain was the subject of a probabilistic identification study using the identification matrices generated by Langham et al. (J. Gen. Microbiol. 1989) and found to be marginally close to clusters 19 and 39. An almost complete 16s rRNA gene (rDNA) sequence was obtained for the test strain and compared with those of representative streptomycetes. 16s rDNA sequence data not only support the strain's membership in the genus Streptomyces but also provide strong evidence that our isolate is genealogically distant from representatives of clusters 19 and 39, forming a separate phyletic line in a clade encompassed by streptomycetes. It is therefore proposed from the polyphasic evidence that strain IMSNU-1 be classified in the genus Streptomyces as Streptomyces seoulensis sp. nov.
with nystatin (50 mg/ml) at 30°C. The pure culture was maintained as glycerol suspensions (20%, vol/vol) of spores and mycelial fragments at -25°C.
Phenotypic characterization. Morphological properties were examined according to the culture conditions and methods proposed by Williams et al. (37, 39) . The microscopes used were an Optiphot-2 phase-contrast microscope (Nikon, Tokyo, Japan) and a Stereoscan 260 scanning electron microscope (Cambridge Ltd., Cambridge, United Kingdom). Phenotypic characters of strain IMSNU-1 were determined according to the methods proposed by Williams et al. (37) .
Computer-assisted identification was achieved with Willcox probabilities (36) and the taxon radius model (30) is the mean distance from operational taxonomic units (OTUs) in taxon J to its centroid and SO, is its standard deviation; (iii) Gauss[s.e.(d) ], the Gaussian integral of the s.e.(d) score, which is determined by ujng the algorithm of Hill (10); and (iv) the 95% taxonomic radius, defined as dJ + 1.645SDJ, which indicates a theoretical radius that encompasses 95% of OTUs in taxon J on the assumption that there is a normal distribution of OTUs in hyperspherical space. All analyses were carried out with the X program (2), which was adopted from the original MATIDEN program (31) .
Chemotaxonomy. The test strain was grown in Bennett's broth at 30°C for 7 days. Biomass was harvested by centrifugation, and the pellet was washed twice with aqueous KCI solution (0.85%, wt/vol). The cell wall was partially purified with a Bead-Beater (Biospec Products, Bartlesville, Okla.), and the resultant suspension was collected by centrifugation. Analyses of diaminopimelic acid and sugars were performed by the method of Lechevalier and Lechevalier (21) . The fatty acid methyl esters (FAMEs) were prepared by the alkaline methanolysis method (26) . The resultant FAMEs were separated with a gas chromatograph (model 5890; Hewlett-Packard Co., Palo Alto, Calif.) fitted with a model HP-5 capillary column (0.53 mm by 30 m; Hewlett-Packard). The column was kept at 150°C for 2 min and then programmed to change from 150 to 280°C at the rate of lO"C/min, with helium as a carrier gas. The resultant peaks were identified with a mixture of standard FAMEs and by gas chromatography-mass spectrometry (VG Quattro; Fisons, Altrincham, United Kingdom). The phospholipids were extracted from frozen cells with chloroform-methanol-0.3% aqueous sodium chloride (9:10:3, vol/vol/vol) and detected by two-dimensional thin-layer chromatography according to the methods proposed by Embley and Wait (5) .
DNA base composition. The guanine-plus-cytosine content of DNA was determined by the thermal denaturation method (24).
16s rDNA sequencing. The chromosomal DNA of strain IMSNU-1 was isolated according to the procedure described by Hopwood et al. (11) . The PCR, cloning, and sequencing of the 16s rRNA gene (rDNA) were carried out with a Taq DyeDeoxy Terminator cycle sequencing kit (Applied Biosystems, Foster City, Calif.) and an Applied Biosystems 373A DNA sequencer as described elsewhere (3). The resultant 16s rDNA sequence of strain IMSNU-1 was aligned manually against representative sequences of streptomycetes obtained from the Ribosomal Database Project (23) and EMBL databases. Evolutionary trees were inferred by using three tree algorithms, namely, the neighbor-joining (29), FitchMargoliash (9) , and maximum-parsimony (8) seum; these species were found to be close relatives of streptomycetes when all of the representative actinomycete sequences were examined. The topologies of resultant trees were evaluated by the bootstrap analyses (6) of the neighborjoining method based on 1,000 resamplings. The PHYLIP package (7) was used for all phylogenetic analyses. Nucleotide sequence accession number. The partial 16s rDNA sequence of strain IMSNU-1 has been deposited in the EMBL database under accession number 271365.
RESULTS
Morphological characteristics. Strain IMSNU-1 showed the typical morphology of streptomycetes on various agar plates. The color of the substrate mycelium was yellow on glycerolasparagine agar (International Streptomyces Project [ISP] 5), and the color of the aerial spores was gray on inorganic saltsstarch agar (ISP 4). The vegetative hyphae grown in Bennett's broth were branched but not fragmented. Verticils were not detected. The test strain produced long-chain rectiflexible spores with smooth surfaces. Diffusible pigment was not detected on ISP 5 medium. Melanin was not produced on peptone-yeast extract-iron agar (ISP 6) and tyrosine agar (ISP 7) plates.
Computer-assisted identification. The results of the probabilistic identification of strain IMSNU-1 against the identification matrices of Langham et al. (19) are summarized in Table  1 . The test strain showed its highest Willcox score (0.48) when it was compared with cluster 19 of Williams et al. (37) , and its next-highest scores were obtained when it was compared with clusters 3 (0.36) and 15 (0.16), when the probability matrix containing 29 major clusters was employed. In contrast, strain IMSNU-1 was successfully assigned to cluster 19 by the taxon radius model, given its small s.e. (d) score (0.41) and taxonomic distance (d = 0.4028), the latter of which places the test strain within the 95% taxon radius (0.4508) ( Table 1) . None of the remaining clusters in the identification matrix generated for major streptomycete clusters gave an s.e.(d) score of less than 2 or a taxonomic distance less than that of the 95% taxon radius. By the same procedure, strain IMSNU-1 was examined against the identification matrix comprising 28 minor clusters (19). The strain was identified as belonging to cluster 39 (38) on the basis of its Willcox score (0.99). However, none of the minor streptomycete clusters, including cluster 39, showed an s.e.(d) score of less than 5 or a taxonomic distance less than that of the 95% taxon radius.
Chemotaxonomy. Only LL-diaminopimelic acid was detected in whole-cell hydrolysates, and no diagnostic sugars were present, indicating that our isolate has a chemotype I cell wall (21). Phosphatidylethanolamine, phosphatidylinositol, diphosphatidyl glycerol, and phosphatidylinositol mannosides were present in the polar lipid fraction (phospholipid type I1 according to the work of Lechevalier et al. [22] ). Saturated straightchain and iso-and anteiso-branched fatty acids were found (fatty acid type 2c according to the work of Kroppenstedt [17] ). All of these chemical properties provide strong evidence that strain IMSNU-1 is a member of the genus Streptomyces.
16s rDNA sequencing. Strain IMSNU-1 was the subject of a 16s rDNA sequencing study to reveal its phylogenetic relationships with representative streptomycetes. An almost complete 16s rDNA sequence was determined (1,479 nucleotides). Its similarity to nucleotide sequences of representatives of the genus Streptomyces is given in Table 2 . Streptomyces subrutilus showed the highest similarity (98.4%), though Streptomyces griseus and Streptomyces setonii also exhibited comparable levels of similarity (98.3%). A rooted phylogenetic tree based on the neighbor-joining method is given in Fig. 1 . The isolate represented a separate phyletic line among streptomycetes and formed a sister species to a clade containing the type strains of Streptomyces lavendulae, S. subrutilus, S. griseus, and S. setonii. The phylogenetic position of strain IMSNU-1 is stable to some extent, though the branch-off points of strain IMSNU-1 and Streptomyces purpureus were interchanged when the FitchMargoliash method was employed (Fig. 1) .
DISCUSSION
The results of morphological and chemotaxonomic studies of isolate IMSNU-1 clearly placed this organism in the genus Streptomyces. The test strain was then the subject of a computer-assisted identification study using the comprehensive phenetic database generated by Langham et al. (19) .
It has been emphasized by several workers (19, 27, 28, 38 ) that both probabilistic approaches, namely, the use of the Willcox score based on the Baysian model and the use of scores based on the taxon radius model, must be considered to avoid the assignment of fresh isolates to the incorrect taxon in situations where the correct taxon is not represented in the identification matrix. Bascomb et al. (1) adopted a Willcox score of >0.999 as the threshold value for successful identification, and Lapage et al. (20) showed that setting the threshold to less than 0.99 led to incorrect identifications. In contrast, since this level of threshold was thought to be too stringent for the genus Streptomyces, in which several species are likely to be heterogeneous, the threshold value of 0.95 was suggested by Williams et al. (38) . In the taxon radius model, the most popular criterion is the s.e.(d) score, which takes into consideration the standard deviations of the mean distance of OTUs in a cluster (31) . A negative score implies a distance closer to the centroid than the mean, and a value of less than 2 or 3 is considered an indication of successful identification (28) .
In the present study, we have adopted an additional score, i.e., the 95% taxon radius. This score indicates the envelope that theoretically encompasses 95% of OTUs in a given cluster and can be compared with the taxonomic distance ( d ) between an isolate and the centroid. It is worth noting that the Willcox score represents the relative relationship of a test strain to the clusters in a given identification matrix but does not indicate absolute closeness to each cluster. In contrast, the scores based on the taxon radius model provide somewhat objective criteria that are independent of the addition or deletion of clusters in the identification matrix.
It is evident from Table 1 that strain IMSNU-1 cannot be assigned to any of the known streptomycete clusters when the results of both the Willcox probability analysis and the taxon radius analysis are considered. It is therefore concluded from a study of numerical phenetic identifications that strain IMSNU-1 shows no apparent phenetic relationship with the clusters defined by Williams et al. (37) , though as possible candidates, clusters 19 and 39 gave satisfactory scores based on either Willcox probabilities or the taxon radius model. Nevertheless, strain IMSNU-1 can be readily distinguished from the streptomycete clusters mentioned above on the basis of its phenotypic characters (Table 3) .
Small-subunit rRNA sequence data provide strong evidence that our isolate is phylogenetically distinct from representatives streptomycetes. S. subrutilus, S. griseus, and S. setonii exhibited high levels of nucleotide similarities (98.3 to 98.4%). Strain IMSNU-1 was recovered as a sister group to a clade consisting of S. lavendulae, S. subrutilus, S. griseus, and S. setonii. S. lavendulae and S. subrutilus formed a significant monophyletic clade and showed almost identical 16s rRNA primary structures (99.6%). This apparent phylogenetic relationship was supported by numerical taxonomic studies of Williams et al. (cluster 61 [37] ) and Kampfer et al. (14) but not by a DNA-DNA pairing study of Labeda (18) in which these two strains exhibited a low level of homology (27%). Similarly, S. griseus and S. setonii, which belong to the phenotypic subcluster 1B (37) , showed almost identical 16s rRNA sequences (99.9%) and also formed a well-supported monophyletic clade. Both of the phenotypic clusters 1B and 61 gave insignificant identification scores and therefore illustrate no apparent phenotypic relatedness to strain IMSNU-1 (Table 1 and data not shown). These data suggest that there is good agreement between numerical phenetic and 16s rRNA sequence data, though the degree of chromosomal heterogeneity, as revealed by DNA-DNA pairing studies, may be greater than those estimated from the other two procedures.
It is evident from Fig. 1 that strains which exhibited possible phenotypic relatedness to strain IMSNU-1 based on a probabilistic identification procedure, i.e., Streptomyces diastaticus (cluster 19 [37] ), Streptomyces lincolnensis (cluster 19), Streptomyces bottropensis (cluster 19), and Streptomyces bluensis (cluster 39), showed no close phylogenetic relationships to our isolate or among themselves.
It is evident from the chemical, molecular systematic, and thermolineatus   FIG. 1 . Rooted neighbor-joining tree (29) based on 1,023 unambiguously aligned nucleotide positions. F and P indicate the branches that were also found when we used the Fitch-Margoliash (9) and maximum-parsimony (8) methods, respectively; the asterisks indicate branches that were recovered by all three methods. The arrowhead indicates the branch-off position of strain IMSNU-1 when the Fitch-Margoliash method was used. The numbers at the nodes exhibit the levels of bootstrap support based on a neighbor-joining analysis of 1,000 resampled datum sets. Test strains are type cultures unless otherwise indicated. The scale bar represents 0.01 nucleotide substitution per position.
phenotypic data that our isolate should be given species status in the genus Streptomyces Waksman and Henrici 1943AL. Therefore, the name Streptomyces seoulensis is proposed for strain IMSNU-1. The type strain (strain IMSNU-1) was deposited in the Institute of Microbiology, Seoul National University, under accession number IMSNU 21266.
Description of Streptomyces seoulensis sp. nov. Streptomyces seoulensis (seo.ul.en'sis, M. L. masc. adj. seoulensis, indicating Seoul, Republic of Korea, the geographical origin of the species) is an aerobic, gram-positive, non-acid-fast, nonmotile actinomycete which forms a yellow substrate mycelium on glycerol-asparagine agar and a gray aerial mycelium and spores on inorganic salts-starch agar. Verticils are not present. Longchain rectiflexible spores with smooth surfaces are produced. Diffusible pigments are not produced on ISP 5 medium. Melanin is not produced on peptone-yeast extract-iron agar and tyrosine agar.
The cell wall contains LL-diaminopimelic acid, and no diagnostic sugars are present in the cell wall fraction (chemotype I). Phosphatidylethanolamine, phosphatidylinositol, diphos- phatidyl glycerol, and phosphatidylinositol mannosides are present in the polar lipid fraction (phospholipid type 11). The fatty acids are mainly saturated straight-chain as well as isoand anteiso-branched fatty acids (fatty acid type 2c). Activity is not exhibited against Aspergillus niger, Bacillus subtilis, Candida albicans, Micrococcus luteus, Snccharomyces cerevisiae, or Streptomyces murinus. The strain grows in the presence of potassium tellurite, rifampin, and penicillin G but not at 45°C or in the presence of sodium chloride, sodium azide, thallous acetate, neomycin, or oleandomycin. It utilizes L-histidine as a sole nitrogen source but not m-a-amino-nbutyric acid, L-cysteine, L-valine, L-phenylalanine, L-hydroxyproline, or potassium nitrate. It uses D-fructose, lactose, mannitol, D-melibiose, raffinose, L-rhamnose, salicin, sodium pyruvate, sucrose, and D-xylose as sole sources of carbon but not adonitol, L-arabinose, dextran, meso-inositol, D-melezitose, sodium acetate, sodium citrate, sodium propionate, or xylitol. Tests for lecithinase, lipolysis, pectin hydrolysis, and H,S production are positive but not those for hippurate hydrolysis or nitrate reduction. The organism degrades allantoin, arbutin, and elastin but not guanine, xanthine, or xylan.
The guanine-plus-cytosine ratio of the DNA is 68 mol%. The type strain is Streptomyces seoulensis IMSNU 21266T.
